OBJECTIVE: To assess the relationship of fat mass (FM) and its distribution to hypertension and dyslipidemia in normal-weight Japanese individuals. DESIGN: Cross-sectional study. SUBJECTS: Apparently healthy Japanese subjects with a body mass index (BMI) between 20 and 23.5 kg/m 2 (265 males and 741 females, age 21-69 y). MEASUREMENTS: BMI, waist circumference (WC), waist-hip ratio (WHR), systolic and diastolic blood pressure, serum levels of total cholesterol (TC), high-density lipoprotein-cholesterol (HDL-C) and triglyceride (TG) were measured. Low-density lipoprotein-cholesterol (LDL-C) was calculated by the Friedewald formula. Percentage fat mass (%FM) and trunk fat mass-leg fat mass ratio (FM trunk /FM legs ) were obtained by dual-energy X-ray absorptiometry. RESULTS: WC, WHR, %FM and FM trunk /FM legs were significantly correlated with TC, LDL-C, HDL-C and TG with the tendency of FM trunk /FM legs to show the strongest correlations. For %FM and FM trunk /FM legs in both sexes, odds ratios (ORs) of the third tertiles with respect to the first tertiles increased for LDL-C elevation, TG elevation and dyslipidemia. In males, ORs of the third tertiles of WC were significantly high for LDL-C elevation and dyslipidemia whereas those of WHR were high for TG elevation and dyslipidemia. ORs of the third tertiles of WC and WHR were significantly high for TG elevation in females. BMI was not associated with the risk of abnormal lipid levels. ORs for hypertension showed significant increases in none of the variables of obesity. CONCLUSIONS: Excess accumulation of FM, especially to the upper body, was related to dyslipidemia in normal-weight subjects. Simple anthropometric variables, WC and WHR, may be useful for screening and management of dyslipidemia in these subjects.
Introduction
Obesity is defined as excess accumulation of body fat and is known to increase the risk of various pathological states such as hypertension, dyslipidemia and coronary heart disease. 1 Although less frequent compared with obese subjects, hypertension and dyslipidemia are also seen in subjects with normal weight. [2] [3] [4] [5] This is undoubtedly due to the multifactorial nature of these diseases. 6 In addition, it is also possible that some of the 'normal-weight' subjects, defined by the normal body mass index (BMI), actually have excess fat mass (FM) and such subjects have higher risks of developing hypertension or dyslipidemia. Some previous studies have indicated that BMI may not be appropriate as an index for body fatness. 7, 8 The percentage fat mass (%FM) of subjects with an equal value of BMI can be different by 20% or more. 7, 9 Measurement of FM and evaluation of fat distribution may provide useful information for detecting hypertension or dyslipidemia in subjects with normal weight. However, to the best of our knowledge, this point has been investigated in only a few studies conducted either in a small study population or in a Caucasian population. [10] [11] [12] Asians including the Japanese show larger %FM values for a given value of BMI compared with the Caucasians or blacks. 9, 13, 14 In addition, those with a BMI of less than 25 kg/m 2 constitute approximately 80% of the Asian populations including the Japanese, 5, [14] [15] [16] [17] which is in contrast to the much lower prevalence of such subjects in the Caucasian, black and Hispanic populations. [18] [19] [20] In the present study, we investigated the impact of FM and its distribution on hypertension and dyslipidemia among normal-weight subjects. Subjects who had a medical history of heart disease, liver disease, renal disease and malignancy were excluded. In the present study, normal weight was defined as a BMI within the range of mean7s.d., which was between 20.0 and 23.5 kg/ m 2 . Since calculation of low-density lipoprotein-cholesterol (LDL-C) by the Friedewald formula requires triglyceride (TG) to be less than 400 mg/dl, two subjects (one male and one female) with TG values of 400 mg/dl or more were also excluded. Accordingly, 265 males and 741 females were analyzed in the present study. Written informed consent was obtained from each subject. The study protocol was approved by the institutional review board.
Methods

Subjects
Measurements
The subjects participated in the medical examination in the morning after fasting overnight. Medical history taking and physical examination were conducted and venous blood was drawn. Height, bodyweight, waist circumference (WC) and hip circumference were measured and waist-hip ratio (WHR) was calculated. BMI was calculated by dividing the bodyweight (in kilograms) by the square of height (in meters). Blood-pressure was measured by mercury sphygmomanometer in the sitting position after they had been quietly seated for more than 5 min. Blood-pressure measurements were performed two times at an interval of at least 10 min and an average value was obtained for each subject. Body composition was measured by dual-energy X-ray absorptiometry (QDR-2000; Hologic, Waltham, MA, USA) and analyzed with the software version 7.20. 15 FM, lean mass and bone mineral content of the whole body and specific anatomical regions (trunk and legs) were obtained. %FM was calculated by dividing the FM by the sum of FM, lean mass and bone mineral content. Ratio of the trunk FM to leg FM was obtained (FM trunk /FM legs ). Serum levels of total cholesterol (TC), high-density lipoprotein-cholesterol (HDL-C) and TG were assayed by enzymatic techniques (Wako, Osaka, Japan) using an autoanalyzer TBA-30FR (Toshiba, Tokyo, Japan). 22 For each variable of obesity, the subjects were divided into tertiles and the prevalence of cardiovascular risk factors among the tertiles was analyzed by w 2 test. Logistic regression analysis was conducted to obtain odds ratios of the cardiovascular risk factors with the lowest tertile serving as a reference. The odds ratios were calculated after adjusting for age, current smoking and, for females, menopausal status.
Results
Characteristics of the subjects are shown in Table 1 . In this study population with a narrow range of BMI, the ranges of Table 2) . Levels of correlation coefficients tended to be low for SBP and DBP in both sexes and TC and LDL-C in females. FM trunk /FM legs tended to show the strongest correlations with most of the variables of cardiovascular risk factors, whereas BMI tended to show the weakest correlations. Prevalence of the cardiovascular risk factors was analyzed after dividing the study population into tertiles for each variable of obesity (Tables 3, 4 ). For BMI, the distribution of the prevalence was not significantly different among the tertiles for most of the risk factors. As for other variables of obesity, linear increases in the prevalence at higher levels of obesity were seen for most of the risk factors except for HDL-C. Body fat and dyslipidemia in normal-weight subjects H Ito et al
Next, logistic regression analysis was performed for each variable of obesity with the lowest tertile as a reference. The odds ratios of LDL-C elevation, TG elevation and dyslipidemia were significantly increased at higher levels of %FM and FM trunk /FM legs for both males and females (Figures 1-3 ). For males, the highest tertiles of WC also showed significant increases in the odds ratios for LDL-C elevation and dyslipidemia whereas those of WHR showed significant increases in odds ratios for TG elevation and dyslipidemia. On the other hand, the highest tertiles of WC and WHR showed significant increase only for the odds ratios of TG elevation in females. The odds ratios were not significantly increased when the population was divided into tertiles for BMI. For elevation of blood pressure and low HDL-C levels, none of the variables of obesity exhibited statistically significant odds ratios (not shown).
Discussion
Although it has been established that a high BMI value increases the risk of hypertension and dyslipidemia, these pathological states are also observed among those with a normal BMI. [2] [3] [4] [5] Specifically, dyslipidemia was present in nearly 40% of the normal-weight subjects in the present study. In the present study, we demonstrated that excess Body fat and dyslipidemia in normal-weight subjects H Ito et al accumulation of FM especially to the trunk was related to abnormal lipid levels. Anthropometic indices for upper-body obesity, WC and WHR, were also related to dyslipidemia although the relationships were weaker than those for the variables obtained by DXA. BMI was no longer associated with the risk of dyslipidemia in this population with a relatively narrow range of BMI. Elevation of TG tended to be more strongly related to these measures on obesity compared with the elevation of LDL-C. On the other hand, only weak positive correlations were seen between FM and blood pressure with no statistically significant results obtained in the logistic regression analysis. It has been recognized that there are individuals with normal weight who are insulin-resistant and are predisposed to diabetes mellitus, hypertriglyceridemia, hypertension and premature coronary heart disease. Such individuals have been called 'metabolically obese, normal-weight individuals' by Ruderman et al. 24 Three studies investigated the relationships between FM and cardiovascular risk factors in normalweight subjects. [10] [11] [12] In 71 young normal-weight women with a BMI of 26 kg/m 2 or less, it has been reported that those with impaired insulin sensitivity exhibited higher %FM, higher trunk FM, and higher levels of subcutaneous and visceral abdominal adiposity. 10 Tai et This observation is in line with a previous study demonstrating that the odds ratios of abnormal serum lipids to be significantly higher in subjects with higher waist-height ratios than in those with lower waist-height ratios in Japanese males with normal to moderately high BMI values. 25 As in the case with %FM, WHR and FM trunk / FM legs exhibited weaker associations with dyslipidemia in females than in males, which may be partly due to the smaller relative volume of intra-abdominal visceral fat in females than in males. 26 Although the mechanism underlying the gender difference is not fully understood, sex hormones and sex hormone-binding globulin may contribute to such difference. 27, 28 The limitations of the present study include the crosssectional nature of the study design and the fact that the subjects were not sampled randomly. Our previous reports have demonstrated that the study population showed characteristics relatively similar to the general population. 15, 21 In the present study, 'normal weight' was defined as BMI between 20 and 23.5 kg/m 2 , which may have been relatively stringent as well as arbitrary. BMI is a continuous variable and those with a BMI near the lower limit (18.5 kg/ m 2 ) and upper limit (25 kg/m 2 ) can essentially be considered as lean and obese subjects, respectively. Thus, we only included those within the range of mean7s.d. in the present analysis. Finally, whether normal-weight Japanese subjects with excess accumulation of FM result in an increased risk of coronary heart disease remains to be investigated in future studies. Previous studies conducted on Caucasians have demonstrated that increases in WC and WHR in subjects with a BMI of less than 25 kg/m 2 are associated with increased risk of coronary heart disease. 29, 30 Interestingly, the relative risks in these studies significantly increased in those with WHR Z0.91 for males 29 and Z0.76 for females, 30 both of which are close to the lower limits of the third tertiles in the present study.
In conclusion, excess accumulation of FM, especially to the upper body, was related to abnormal lipid levels in normal-weight subjects. Simple anthropometric variables, WC and WHR, may be useful for screening and management of dyslipidemia in these subjects. Body fat and dyslipidemia in normal-weight subjects H Ito et al
